Type 1 fimbriated (mannose-specific) Escherichia coli cells bind to mannose residues on human polymorphonuclear leukocytes (PMN); this leads to phagocytosis of the bacteria. To identify the mannose-containing receptors on the PMN, the cells were surface labeled with 1251 and lysed in 0.5% Nonidet P-40, and the lysate was fractionated by affinity chromatography on a column of Sepharose-bound fimbriae. Analysis by sodium dodecyl sulfate-polyacrylamide gel electrophoresis and autoradiography of the material eluted from the column with 500 mM methyl-a-mannoside revealed two radioactive bands of Mr 70,000 to 80,000 (gp7O-80) and 100,000 (gplOO). Another weak band of Mr 150,000 (gpl5O) was observed after prolonged exposure of the gel.
Opsonophagocytosis of bacteria is an extensively investigated process in which recognition between phagocytes and their target is mediated by antibody or complement or both (19, 40) . Evidence obtained during the last few years has indicated that in the absence of opsonins, phagocytes may recognize bacteria by lectin-carbohydrate interactions (30, 37) . The best-characterized system in which this recognition operates is between bacteria carrying mannose-specific lectins in the form of type 1 fimbriae that bind to mannose residues on the surface of mouse peritoneal macrophages or human polymorphonuclear leukocytes (PMN) with resultant stimulation of the phagocytes and internalization and killing of the bacteria (4, 5, 31, 38, 39) . This process, which occurs in the absence of serum components, is known as nonopsonic phagocytosis (19) .
Nonopsonic phagocytosis mediated by bacterial lectins may be of clinical relevance in tissues in which the opsonic activity is poor, such as the renal medulla (39) , or when bacteria are unable to activate the alternative complement pathway (37) . Little is known about the process of nonopsonic phagocytosis, and even less is known about the molecules that are on the surface of the phagocytes and are involved in the recognition of the bacteria. There are, however, strong indications that bacteria expressing mannose-specific lectins bind to mannose-containing glycoproteins on phagocytic cells. This is based on several lines of evidence. (i) Type 1 fimbrial lectins bind specifically to mannose, ct-glycosides of mannose, and mannose-containing oligosaccharides but not to saccharides devoid of mannose (13) . (ii) The same specificity pattern of inhibition is observed irrespective of the target cell used (e.g., yeasts [13] , erythrocytes [13, 26] , or BHK cells [12] ). (iii) Whenever sugars other than mannose were examined, they inhibited * Corresponding author.
poorly if at all the interaction of type 1 Escherichia coli with mouse peritoneal macrophages or PMN (4, 39) . (iv) A very good correlation was found between the mannan-binding activity of the bacteria and the extent of their attachment to mouse peritoneal macrophages (5 (4) , shows that the receptor for the bacterial lectin is on the surface of the phagocytes. (vi) Since the only mannose-containing compounds in animal membranes are glycoproteins (32) , the receptor for mannose-specific bacteria must belong to this class. In view of the above, we chose to use affinity chromatography on a column of immobilized type 1 fimbriae for the isolation of the receptors.
In this paper, we report the identification of surface glycoproteins of human PMN that mediate the attachment of E. coli bearing type 1 without agitation in brain heart infusion broth (Difco Laboratories) for 48 h at 37°C, conditions which are optimal for the growth of bacteria expressing mannose-specific activity, as determined by a yeast aggregation assay (27) . Only bacteria showing an aggregation rate higher than 10 U/min, at a concentration of 109 cells per ml, were used.
Isolation of type 1 fimbriae. Type 1 fimbriae were isolated by mechanical agitation of the bacterial suspension followed by repeated precipitation with 0.1 M MgCl2 as previously described (11) . The fimbriae were free of contaminants when examined by electron microscopy as well as by polyacrylamide gel electrophoresis in the presence of sodium dodecyl sulfate of a preparation that had been dissociated in saturated guanidine hydrochloride (11) .
PMN. PMN were isolated from fresh human blood obtained from healthy donors. Briefly, the buffy coat (25 (25) . Labeling was at 4°C to reduce the recycling of cell surface components. The cells were washed several times with PBS to remove the free iodine. The specific activity obtained in the total cell lysate (see below) was approximately 1.5 x 103 cpm/,Lg of protein.
The fimbriae (1 mg/ml) were iodinated for 1 min at room temperature by the chloramine T method (20) ; free iodine was removed by extensive dialysis against PBS. The specific activity obtained was (2.5 + 0.6) x 106 cpm/4Lg of protein.
Fimbriae (20 ,ug/ml) with a yeast-aggregating activity higher than 5 U/min were used immediately after iodination.
Concanavalin A (0.5 mg/ml) was labeled with Na'251 by using chloramine T as described above for the fimbriae; the specific activity obtained under these conditions was 106 cpml,Lg of protein.
Cell lysates. Cell lysates of PMN were prepared as described by De Maio et al. (10) . Briefly, 2 x 108 cells per ml were lysed for 30 min at 0°C in a solution containing 50 mM Tris hydrochloride (pH 8.1), 110 mM NaCl, 5 mM MgCl2, 5 mM CaC12, 0.5% Nonidet P-40, and the following protease inhibitors: leupeptin (20 ,ug/ml), pepstatin (5 ,ug/ml), and phenylmethylsulfonyl fluoride (10 ,ug/ml). The cell lysates were centrifuged at 100,000 x g for 1 h (Beckman 60 Ti rotor), and the supernatant was used for affinity chromatography. The (24) with bovine serum albumin as the standard. (Fig.  1A) . The binding of radiolabeled fimbriae to PMN was dose dependent and saturable (Fig. 1B) . Both processes were mannose specific. These results are in line with previous studies (5, 39) , suggesting that mannose-containing glycoproteins on PMN act as receptors for the fimbrial lectin.
Isolation of mannose-containing glycoproteins by affinity chromatography on immobilized fimbriae. The Nonidet P-40 lysate of PMN surface labeled with 1251 was loaded on a fimbriae-Sepharose 4B column. Two fractions were obtained, one containing the unbound material (fraction I) and the other containing the material eluted with 500 mM MeoxMan (fraction II) (Fig. 2) . The latter fraction made up 1 to 5% of the total TCA-precipitable radioactivity loaded on the column (Table 1 ). The total recovery of radioactivity from the column was between 59 and 74% of the material applied. Analysis by sodium dodecyl sulfate-polyacrylamide gel electrophoresis and autoradiography revealed that the unfractionated material contained multiple bands, only a few of which were specifically bound to the fimbria column (Fig.  3 ). These were a band of Mr between 70,000 and 80,000 (gp7O-80) and a minor band of Mr 100,000 (gplOO). Upon longer exposure of the gel, a weak band of Mr 150,000 (gpl50) appeared (Fig. 3, lane Ila) .
To further identify the glycoproteins specifically bound to the fimbria column, we used the concanavalin A overlay technique. For this purpose, fraction II was electrophoresed, blotted onto nitrocellulose filters, and overlaid with horseradish peroxidase-concanavalin A. For comparison, the unfractionated lysate was similarly examined, except that the overlay was with 125I-labeled concanavalin A. gpl50 was the major band obtained upon 125I-labeled concanavalin A overlay of blots of the unfractionated cell lysate (Fig. 4) ing of concanavalin A to these glycoproteins was specific as demonstrated by its complete inhibition with 500 mM MeaMan (Fig. 4) . gpl50 was also the major concanavalin A-binding glycoprotein in fraction II isolated from the lysate (Fig. 4) , although it appeared as a faint band on autoradiograms of 1251-labeled fraction II (Fig. 3) . gp7O-80 and gplOO were also stained with horseradish peroxidase-concanavalin A but to a lesser extent than gpl50 was; in addition, a band of Mr 45,000 was observed (Fig. 4) .
To obtain further evidence of the cellular location of the concanavalin A-reactive glycoproteins, we analyzed membrane preparations from PMN by blotting as above. Compared with the total cell homogenate, gpl50, gplOO, and gp7O-80 appeared as stronger bands on gels of the plasma membrane fraction, suggesting an enrichment of these glycoproteins (Fig. 5, lanes a and b) . In another experiment, the Nonidet P-40-soluble fraction of the plasma membrane was loaded onto the fimbria column; fraction II obtained by elution of the column with MeaMan was analyzed by concanavalin A overlay. As with the total cell lysate, gplSO was the major concanavalin A-reactive band detected in this fraction (Fig. 5, lane c) .
Inhibitory activity of isolated glycoproteins. Fraction II obtained by affinity chromatography of four different cell lysate preparations was pooled and dialyzed extensively against PBS to remove the MeotMan. This material, at a concentration of 4.4 p,g/ml, inhibited 70% of the mannosespecific lectin activity of the bacteria as assayed by yeast aggregation (Fig. 6) . No inhibition of yeast aggregation was obtained with the whole-cell lysate at a concentration of up to 80 ,ug of protein per ml.
DISCUSSION
The aim of this study was to isolate the surface glycoproteins from PMN that are involved in the binding of mannosespecific bacteria to the cells described above in the absence of serum components. For this purpose, we used affinity chromatography on immobilized type 1 fimbriae. Only material bound and eluted with MeaMan is relevant since more than 85% of the attachment of the bacteria to PMN was inhibited by MeaMan (Fig. 1) (Fig. 3 and 4) . The (Fig. 3) . The major125I-labeled band of fraction II was gp7O-80, which bound concanavalin A poorly. Concanavalin A overlay of the membrane preparation from PMN revealed a considerable enrichment of gplOO (Fig. 4, lane B) ; however, after fractionation on the fimbria column, this glycoprotein was difficult to detect in fraction II (Fig. 4, lane C) . This may be due to differences in specificity between concanavalin A and the fimbrial lectin (13 Recent reports have described a genetic disorder of adhesion-dependent leukocyte function (clinically characterized by recurrent bacterial infection) which has been associated with deficiency on leukocytes of surface glycoproteins, such as CR3, lymphocyte function-associated antigen 1 (LFA-1), and the p150,95 molecule (1, 22, 41) . CR3 is an important phagocyte receptor that triggers both phagocytosis and respiratory burst (33), but it is not known whether LFA-1 and p150,95 have similar functions. Ross et al. (34) showed that anti-CR3 and anti-LFA-1 inhibited normal phagocytosis by neutrophils of nonopsonized Staphylococcus epidermidis and suggested that the absence of this nonimmune recognition of bacteria by the neutrophils of the patients may be one of the reasons for their increased susceptibility to bacterial infections.
These reports, together with our findings, suggest that gpl50, the major concanavalin A-binding glycoprotein isolated from the fimbria column, may be identical to CR3. Thus, CR3, known to be involved in phagocytosis of opsonized particles (33) , may serve in addition as one of the receptors for the lectin and mediate phagocytosis of mannose-specific bacteria in the absence of opsonins.
